A UV laser trigger system has been designed to trigger the eight SF6 filled high voltage switches in the Jupiter module. The system is compact and modular allowing for approximately thirty lasers to be triggered simultaneously in the full Jupiter design. The laser will be kinematically moanted near the high voltage section to minimize the path length to the high voltage switches and decrease the sensitivity to misalignment. The laser system is specifically built for the purpose of triggering the Jupiter module. It is a 265 nm W laser system designed to generate eight simultaneous laser pulses of 10 mJ each with a 13 nsec pulsewidth. A 1061 nm solidstate Nd:Cr:GSGG laser is frequency quadrupled with a two stage doubling process. The 1061 nm fundamental laser energy is frequency doubled with a type I1 KTP crystal to generate 530 nm energy. The 530 nm output is fkquency doubled with a type I KDl*P crystal to generate 265 nm energy. The 265 nm pulse is split into eight parallel channels with a system of partially reflecting mirrors. Low timing jitter and a stable energy output level for the system were achieved. The entire optical system was packaged in a rugged, sealed aluminum structure 10" x 19" x 2.75". The size of the laser electronics unit is 7" x 8" x 8".
BACKGROUND
The goal for the project was to design a compact solid-state laser that could replace a KrF laser as a triggering source. Low timing jitter and a stable energy output level are considered extremely important factors. The approach taken for the project was to frequency quadruple a rugged, compact, 1061 nm solid-state laser to provide 265 nm pulses. Breadboard tests were performed early in the project to select non-linear crystals and to develop the frequency doubling modules. A splitting module was designed to evenly split the UV pulse into eight parallel channels. In the Jupiter design, the eight pulses would then be directed to the high voltage switches through laser delivery tubes. The laser pulses would be focussed into the laser triggered gap with a 1.0 meter focal length lens. Figure 1 shows one of the laser triggered gas switches and figure 2 shows one of the Jupiter accelerator modules and the relative location of the laser system. 
THE 265 nm OPTICAL PULSE CHARACTERISTICS
Each laser optics module generates eight simultaneous 265 nm output pulses. The eight output pulses have an average energy of 11.5 mJ. The laser source and the doubling modules were designed to have a very stable output, The resulting shot-to-shot energy stability of the W output is within +I-3%. The 265 nm pulses have a fwhm pulsewidth of 13.5 nsec. The output beam diameters are 10.0 mrn and have a far-field, full angle divergence of 2.5 mrad.
The system was designed to have a very low timing jitter. This allows the use of a large number of the eight channel systems to be used with good timing simultaneaity. The timing jitter of the output pulse to the electrical trigger signal is only +/-2 nsec (1 sigma) and the 3 sigma timing jitter is +/-5 nsec. There is no timing jitter between the eight output pulses. The maximum timing delay between any two of the eight optical pulses is 4 ns. This could be eliminated by equalizing the path lengths in the splitting module. The 265 nm output pulses contain negligible amounts of residual 1061 nm and 530 nm energy. Figure 3 shows the far-field intensity profile of a UV pulse and figure 4 shows the 265 nm optical pulse temporal profile. 
THE EIGHT CHANNEL SPLITTING MODULE
The eight output pulses are generated by passing the primary 265 nim pulse through a splitting module that uses a series of partially reflecting mirrors. The mirrors are UV grade fiused silica and have dielectric coatings designed for the nominal split ratio for unpolarized light at a 45 degree angle: of incidence. A waveplate adjusts the split ratio for each mirror by changing the amounts of 'S' and 'P' polarizations incident on the splitting mirrors to either raise or lower its reflectivity to the incident pulse. For this reason, thte 265 nm output pulses from the system are not linearly polarized The overall 265 nm energy transmission through the splitter module is 85%. The total energy output from the eight channels is 94 mJ. Channels 1 through 8 have an energy output of 1 1.8, 11.7, 11.5, 11.8, 11.8, 10.9, 12.2, arid 12.2 mJ respectively.
THE 1061 nm LASER SOURCE
The optical energy source for the system is a Q-switched, Nd:C:r:GSGG solid-state laser. The lasing wavelength for Nd:Cr:G!SGG is 1061 nm. The efficiency of a flashlamp pumped Nd:Cr:GSGG laser is roughly twice as high as a compa-able Nd:YAG laser. The laser utilizes a single laser rod with a 9.5 mm diameter and a length of 100 mm. A single Xenon flashlamp pumps the laser rod in a close-coupled, diffuse pump cavity. The optical output energy of the 1061 nm laser is 600 mJ with an 12 nsec pu1se:width at its maximum operating point. The near field spatial profile of the laser output is highly multimode with a relatively low peak-to average variation across its diameter. The near field beam diameter was measured to be 9.0 mm (0.64 cm'). The full-angle divergence of the laser was measured to be 3.9 mrad at the l/e2 points. The laser output is linearly polarized.
The laser resonator configuration was chosen on the basis of proviiding maximum alignment stability. A polarization output coupled resonator with two porro prism reflectors was selected. Light incident on a porro prism returns parallel to its incident path even if the porro prism rotates about am axis parallel to its roof crest. This provides one axis of alignment stability. Orientating the porro prism roof crests at 90 degrees to each other achieves alignment stability aboul two axes. Output from the laser is achieved by depolarizing a portion of the circulating power and having the oulput energy reflect off a polarizer in the resonator. The laser head is assembled into a very stiff and rugged 3 inch x 6 inch x 1 inch housing machined from a single piece of 6061-T6 aluminum alloy. The laser head is O-ring sealed.
The flashlamp pulse forming network (PFN) utilizes a 20 uF capacitor and a 36 uH inductor to provide a critically damped pulse across the flashlamp. The nominal operating point is a PFN voltage of 1800 volts. The stored energy in the capacitor at this voltage is 32.4 J. This yields an efficiency of 1.85 % for the 1061 nm output energy relative to the electrical stored energy in the PFN capacitor.
The laser resonator is Q-switched with a 12.7 mm x 12.7 mm x 35 mm lithium niobate crystal. The Q switch PFN consists of a 3 mesh LC circuit, a pulse step-up transformer, and a krytron switch to produce a negative going high voltage (-3 kV) square pulse across the lithium niobate Q-switch crystal in the laser. The short pulse duration (100 -200 nsec) and low switching current will allow the krytron to exceed a million shot lifetime. The Q switch circuit utilizes a high krytron anode voltage and a tightly regulated 'keep-alive' current to obtain very low laser timing jitter.
THE 1061 nm TO 530 nm FREQUENCY DOUBLING ASSEMBLY
The 1061 nm laser output pulse passes through a wave plate to transform the linearly polarized pulse into two orthogonal polarizations for the type D[ doubling interaction. The 1061 nm laser pulse then passes through a 1 . 8~ beam reducer to increase the power density on the Potassium Titanyl Phosphate (KTP) doubling crystal ( Figure   5 ). The divergence of the reduced 1061 nm output was measured as 6.4 mrad. Given the large divergence of the 1061 nm laser source, a type II KTP crystal was chosen because of its large angular acceptance bandwidth. A 7 mm x 7 mm x 5 mm crystal with dual band AR coatings was used. The KTP crystal was angle tuned to provide optimum conversion efficiency. As expected, the KTP crystal was not excessively sensitive to angular misalignment. Once the crystal was angle tuned and locked in place, additional realignments were not required.
----- The energy incident on the KTP crystal was measured to be 540 mJ with a 12 nsec pulsewidth. The average power density incident on the KTP crystal is 225 M W / cm2. The 530 nm energy output was measured to be 355 mJ with a pulsewidth of 12 nsec. A frequency conversion efficiency of 65 % was obtained. Dielectric coated, harmonic laser mirrors separated the fundamental 1061 nm energy from the 530 nm harmonic energy generated in the KTP crystal.
THE 530 nm TO 265 nm FREQUENCY DOUBLING ASSEMBLY
After removing the residual 1061 nm energy, the linearly polarized 530 nm pulse passes through a potassium dideuterium phosphate (KD*P) crystal for the second doubling process. The 530 nm fluence incident upon the input face of the KD*P crystal is 150 MW/cmZ. A 7 mm x 7 mm x 25 mm Type I KD*P crystal with a deuteration level of 90 -95 % is used. The crystal is cut for non-critical phase matching and was temperature tuned with a thermo-electric cooller assembly to optimize the conversion efficiency.
The optimum phase match temperature was determined to be 17.95 degrees C. A temperature control feedback circuit controlled the crystal temperature. The temperature control electronics and crystal housing were capable of maintaining the correct phase match temperature and the 265 nm energy output was very stable. Again, dielectric coated mirrors separated the residual fundamental 'energy from the harmonic energy generated in the doubling crystal. The 265 nm output energy was measured as 110 mJ with a 13.5 nsec pulsewidth and was linearly polarized. The frequency conversion efficiency was 31% at the maximum operating point. There was some pulse lengthening in the conversion process from 530 nm to 265 nm.
OPTOMECHANICAL PACKAGING
The laser and optical systems were designed to be compact, rugged, and to not require any alignment maintenance. This enables the optical system to be mounted near the high voltage section of a Jupiter module to minimize the path length and alignment sensitivity. The entire optical system was packaged in a very stiff housing machined from a single piece of 6061-T6 aluminum alloy. Its dimensions are 10" x 19" x 2.75". The optical system is sealed by utilizing a cover O-ring, a bonded output window, hermetic electrical connectors, and O-ring sealed test ports. Figure 6 shows the size of the complete system. Figure 7 shows the optics module with the cover removed. Figure 6 . The laser optics module and electronics.
The component most sensitive to misalignments, the solid-state laser, is built in its own sealed housing and is subsequently bolted in place in the main housing. All of the optics are bonded into stainless steel mounts which are pinned and bolted to the individual plates. There are no tilting mirrors used for alignment purposes. All beam steering is done with rotating alignment wedges which are then bonlded into stainless steel mounts. This method maintains maximum alignment stability for the system. The unit was shipped from the AlliedSignal manufacturing facility in Kansas City to Sandia National Labs in Albuquerque. The unit was set up and tested when it arrived. The system did not require any realignments or adjustments after shipping. 
ELECTRONIC DESIGN
All of the electronics required to operate the optical system are packaged in a single box measuring 7" x 8" x 8". Power is supplied to the unit from a standard 110 VAC outlet. The laser power supply takes a nominal 24 VDC and produces front panel adjustable DC high voltages to power a flashlamp pulse forming network (PFN) and a Q-switch PFN. The laser power supply is capable of providing 40 J of energy to the flashlamp at a discharge repetition rate of 1/2 Hz continuously. The flashlamp PFN consists of a high voltage pulse trigger circuit (9 -10 kVDC) for initial ionization of the flashlamp and an LC PFN circuit for discharging a sustained high current (500 amps) through the flashlamp. The PFN switching is accomplished with a high voltage E T in a pseudo-parallel ing scheme. The FET is not in the high voltage / high current path which gives it an unlimited switching e.
There is a temperature control circuit consisting of a bipolar power supply and a feedback control cif that drives a thermo-electric (TE) cooler for the KD*P crystal in the optics assembly. Precise regulation stability of the bipolar power supply are required for adequate temperature control. Feedback is from a thermistor bonded to the mount for the crystal. Internal potentiometers adjust the temperature set point, TE cooler current limit, and feedback control.
